cleaved with an efficiency similar to that for intronless with respect to the intron IS, binds both intron-consubstrate. However, substitutions made at position Ϫ2 taining and intronless TS-encoding substrates, but efin combination with other positions resulted in a 5-to ficiently cleaves only intronless substrate [8]. Here, 35-fold reduction in cleavage activity compared with we show that I-BmoI is extremely tolerant of multiple the level observed in intron-containing substrate. We substitutions around its cleavage sites and has a low eliminated the possibility that reduced cleavage could specific activity. However, a single G-C base pair, at be the result of reduced binding affinity by performing position Ϫ2 of a 39-base pair recognition sequence, electrophoretic mobility shift assays, and we also is a major determinant for cleavage efficiency and showed that the position of the top strand cleavage distinguishes intronless from intron-containing alleles.
age sites, we synthesized a substrate in which positions Ϫ1 to Ϫ6 surrounding the top and bottom strand cleavage sites were randomized, representing 4096 possible substrates. A control substrate was also synthesized, in which the six positions were not randomized, corresponding to intronless thyA substrate ( Figure 3A) .
We initially performed DNA binding assays to determine whether complete randomization of positions Ϫ1 to Ϫ6 would affect I-BmoI substrate interactions. Characteristic band shift complexes were observed that correspond to interactions of the full-length protein with substrate (Uc), or of proteolyzed fragments that retain DNA binding activity (Lc) [8] ; this finding indicates that I-BmoI was not appreciably compromised in binding to the randomized substrate ( Figure 3B ). To determine the extent to which I-BmoI can cleave the randomized substrate pool, we performed cleavage assays with increasing concentrations of I-BmoI ( Figure 3C ). Under conditions in which 75%-80% cleavage of the control thyA substrate was achieved, 38% of the randomized substrate pool was cleaved. These data, combined with those shown in Figure 2 , provide evidence that I-BmoI does not possess a stringent overall specificity requirement around the cleavage sites.
A Single Base Pair Influences I-BmoI Cleavage Efficiency
While cleavage of randomized oligonucleotide substrates can provide an overall estimate of the degree of sequence tolerance of each endonuclease to substitutions around its cleavage sites, such an experiment cannot provide information on the importance of individual nucleotides. We thus cloned the randomized oligonucleotides ( Figure 4A ) into pBS to create a randomized plasmid library [11] . A single round of selection of plasmids that were substrates for I-BmoI consisted of digestion of the plasmid libraries, followed by isolation of linear bands from agarose gels, subsequent ligation, and amplification in E. coli. At each round of selection, we sequenced the isolated plasmid pool, which allowed us to estimate the frequency of selected nucleotides relative to the starting pool at each of the six randomized positions [12] . We also randomized positions Ϫ12 and Ϫ13 relative to the intron IS, which are unlikely to affect cleavage specificity, in order to gauge the significance of selection at positions Ϫ1 to Ϫ6.
Based on results from Figure 3 showing that I-BmoI can cleave a significant fraction of the randomized pool, we did not expect to see a dramatic increase in cleavage of the plasmid pool during each round of selection; this finding is consistent with the idea that I-BmoI does not at positions Ϫ12 and Ϫ13, which ranged from a minimum of 0.78 to a maximum of 1 ( Figure 4C ). Selection against particular nucleotides was observed, however, as the possess a fixed substrate. We chose an initial protein concentration at which ‫%1ف‬ of the initial pool was ratio of T at position Ϫ2 was 0.32 after round 3 ( Figure  4C ), suggesting that clones with T-2 were not efficient cleaved by I-BmoI. Selection of a preferred base pair at position Ϫ2 was apparent after only a single round, substrates for cleavage by I-BmoI. Interestingly, the intron-containing thyA substrate has a T at this position, however, as the frequency of G-2 relative to that of the to rapid evolution of altered binding and cleavage activities, so as to adapt to the insertion site of their host to Ϫ6 of intronless thyA substrate (Figures 1A and 2A ) and correspond to Gln217 and Arg218 of E. coli TS, the group I intron. Indeed, our data suggest that I-BmoI and I-TevI have used two distinct modes of evolution to latter of which is critical for TS function [13] . The same base pair that we identified as important for I-BmoI individually adapt to their intron IS: gross changes in protein structure, through assembly of distinct units in cleavage ( Figure 4D ) is universally conserved in a broad phylogenetic sampling of TS sequences (position Ϫ2, the C-terminal DNA binding domain [7] , and fine tuning of catalytic activity within very similar N-terminal cleav- Figure 4E) ; this finding suggests that our selection data accurately identify potential I-BmoI substrates.
age domains by subtle mutation, as described here. potentially deleterious cleavages at their own introncontaining alleles must be balanced with maintaining
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